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Synopsis




SYNOPSIS

The thesis entitled “Synthetic studies towards synthesis of C27-C40 fragment of azaspiracid” is divided into three chapters.

CHAPTER I: This chapter includes the introduction and previous synthetic approaches of azaspiracid.

CHAPTER II: This chapter is further divided into two sections (Section A and Section B).
Section A: This section deals with the initial synthetic approach towards the C27-C40 fragment of azaspiracid.
Section B: This section describes the improved synthetic approach towards the C27-C40 domain of azaspiracid.

CHAPTER III: This chapter is further divided into two sections (Section A and Section B).
Section A: This section deals with the metal triflates catalyzed efficient synthesis of 3,4-dihydro-2H-1-benzopyrans.
Section B: This section describes the InCl3/SiO2-catalyzed -amination of 1,3-dicarbonyl compounds under microwave irradiation.

CHAPTER I:

INTRODUCTION AND PREVIOUS SYNTHETIC APPROACHES OF AZASPIRACID
	This chapter describes different types of shellfish toxins, their poisonings, isolation and structural elucidation of azaspiracid. 
Azaspiracid poisoning was first observed in the Netherlands in 1995. It was isolated from the mussel Mytilus edulis in Killary Harbour, Ireland. Azaspiracid poisoning is distinct from other known diarrhetic shellfish toxins. Satake and co workers first isolated and reported its structure in 1998. Nicolaou and co workers synthesized the proposed structure of the azaspiracid in 2003 and it was not matched with the natural product later they have done extensive degradation studies, revised its structure and completed the total synthesis in 2004. This chapter also deals with the previous synthetic approaches of azaspiracid.



























CHAPTER II:
SECTION A:
PRESENT WORK: INITIAL SYNTHETIC APPROACH TOWARDS THE C27-C40 FRAGMENT OF AZASPIRACID
	The unusual complex molecular assembly and intriguing biological activity of this natural toxin have attracted considerable interest, and the new azaspiro ring system was encouraged to take-up the C27-C40 domain of azaspiracid.
	The fascinating structural complexity of azaspiracid demands a highly convergent approach. Therefore, retro synthetically azaspiracid was dissected into two fragments, C1-C20 (ABCD rings) and C21-C40 (EFGHI rings). 
The synthetic plan for the C21-C40 domain involved the sequential formation of the HI and FG ring systems, and convergent attachment of the adjacent E ring through C26-C27 bond formation. Double intramolecular hetero Michael addition (DIHMA) was planned to form FG ring system of the azaspiracid 1 from dihydroxy ynone 2. The ynone can be obtained from the convergent coupling of a C27-C40 acetylide 3 with a C26 aldehyde 4. The C27-C40 acetylide 6 can be synthesized from aldehyde 7, and ketophosphonate 8. Aldehyde 7 can be obtained from bicyclic ketone 9, ketophosphonate 8 was synthesized from methyl hydrogen-3-methylglutarate 10 (Scheme 1).










































Both the starting materials bicyclic precursor 9 and methyl hydrogen-3-methylglutarate 10 can be also used equally to synthesize epi-FGHI ring system.
	
Synthesis of C34-C40 fragment 7:
The bicyclic ketone 9 was prepared by employing (3+4) cycloaddition of oxyallyl cation and furan as reported by Hoffman and co-workers. The acid catalyzed bromination of 3-pentanone 11 with two equivalents of bromine furnished the known 2,4-dibromo-3- pentanone 12 in 80% yield. The oxyallyl cation (generated from 2,4-dibromo-3-pentanone with zinc copper couple at –10 oC) when treated with furan underwent (3+4) cycloaddition to afford 2,4-dimethyl-8-oxabicyclo(3.2.1)oct-6-en-3-one (9, 13, 14).  The stereo selective reduction of these ketones using DIBAL-H afforded mixture of alcohols, which on purification gave the major alcohol 15 (Scheme 2).















The alcohol 15 was further protected as its benzylether using sodium hydride and benzylbromide in refluxing tetrahydrofuran to afford compound 16. Asymmetric hydroboration of olefin 16 using (-)-Ipc2BH in THF afforded alcohol 17. The alcohol 17 was then converted to the keto compound 18 by PCC oxidation, it was further subjected to Bayer-Villiger oxidation with m-CPBA to give lactone 19. Reductive opening of bicyclic lactone 19 with LiAlH4 gave triol 20. It was further protected as its acetonide using 2,2-dimethoxypropane and cat. PPTS to give compound 21. Compound 21 was treated with MsCl, Et3N to give mesylate ester 22, which is converted to azide 23 by reacting with NaN3 (Scheme 3).





















Compound 23 was reduced and protected with Boc group in a single step to give compound 24. Benzyl group of compound 24 was removed by treating with Li in liquid ammonia to give compound 25. The hydroxy group of compound 25 was protected as xanthate ester 26 using standard procedure, the xanthate ester was reduced with n-Bu3SnH to give compound 27. Compound 27 was reacted with cat. amount of CSA in methanol to give diol 28. Compound 28 was treated with TBDMSCl and imidazole to give compound 29, which on further treating with 13:7:3 mixture of AcOH, H2O, THF gave compound 30. Compound 30 was oxidized with IBX to give aldehyde 7 (Scheme 4).

























Synthesis of C21-C33 fragment:
	The synthesis of fragment 8 started from compound 10. Resolution of compound 10 using Cinchonidine in acetone and water gave (3R)-5-ethoxy-3-methyl-5-oxopentanoic acid 31. Acid functional group was selectively reduced by using BH3SMe2, the crude product was subjected to saponification followed by lactone formation to give lactone 32. Compound 32 was treated with TPP, CCl4 to give dichloro enolether 33, which on reductive opening with freshly prepared Li sand gave compound 34. Hydroxy group of compound 34 was protected as its THP ether 35. Compound 35 was further protected with TMS-Cl to give compound 36 (Scheme 5).

















	Compound 36 was treated with cat. amount of PTSA in methanol to give diol 37. Compound 37 was oxidized using IBX to give compound 38. Treatment of the aldehyde 38 with lithium anion of methyl dimethylphosphonate in dry THF provided -hydroxy phosphonate 39, which was subjected to oxidation with Dess-Martin periodinane in presence of NaHCO3 to afford -ketophosphonate 8 (Scheme 6).















Coupling of fragments 7, 8 and synthesis of C27-C40 backbone of azaspiracid:
	Coupling of aldehyde 7 and ketophosphonate 8 was done under Massamune-Roush conditions (LiCl, DIPEA, dry CH3CN) to obtain exclusively trans olefin 6. Compound 6 was subjected to dihydroxylation using commercial Admix- to obtain diol 40 with diastereomeric ratio (95:5), which were easily separated by silica gel column chromatography. Diol 40 was protected as its acetonide by standard procedure to give compound 41. Stereo selective reduction of compound 41 using K-selectride undesired (R)-isomer 42 formed exclusively (Scheme 7). It was decided to invert the newly formed stereogenic center after formation of the spirocycle.


























	Hydroxy group of compound 42 was protected as its benzoate ester using standard procedure to furnish 43. Compound 46 was treated with 5:1 mixture of TBAF, ACOH solution to obtain 44. Compound 44 was oxidized with Dess-Marin periodinane to give compound 45 (Scheme 8).
Acetonide deprotection of the compound 45 and followed by hemiketal formation was tried with various reagents, all of these reactions led to decomposed complex mixture of products (Scheme 9).






























CHAPTER II
SECTION B:
PRESENT WORK: IMPROVED SYNTHETIC APPROACH TOWARDS THE C27-C40 DOMAIN OF AZASPIRACID
	After unsuccessful results during acid and Lewis acid catalyzed acetonide deprotection of compound 48 of section B, it was decided to change all the protecting groups and acetonide group was removed in early stage and protected as di-TBDMS ether which was success fully removed before cyclization (Scheme 10).






















Synthesis of C34-C40 fragment:
	The synthesis of C34-C40 fragment starts with the compound 21, which was treated with Li in liquid ammonia to give diol 49. Compound 49 was treated with one equivalent of TBDPS-Cl to give compound 50. Compound 50 was reacted with CS2 in standard protocal conditions obtained xanthate 51, which was subjected to reductive elimination using Bu3SnH to give compound 52. Compound 52 was treated with cat. amount of PPTS in methanol to afford diol 53, which was protected as its PMB-acetal 54. Reductive opening of compound 54 using DIBAL-H gave compound 55, which on oxidation with IBX afforded aldehyde 48 (Scheme 11).





















Coupling of fragments 7, 8 and synthesis of C27-C40 fragment of azaspiracid:
	Compounds 48 and 8 were coupled under Massamune-Roush conditions to afford trans olefin 47. Compound 47 was subjected to dihydroxylation using commercial Admix- to obtain diol 56. Compound 56 was protected as its acetonide by using standard procedure to give compound 57. Stereo selective reduction with various reducing agents yielded undesired (R)-isomer 58 predominantly, with K-selectride (R)-isomer 58 formed exclusively (Scheme 12). It was decided to invert the newly formed center after the spirocycle formation. 






















Compound 58 was protected as its benzyl ether using NaHMDS and BnBr to give compound 59. It was further treated with TBAF to obtain compound 60. Compound 60 was treated with methanesulfonyl chloride to give compound 61, which was reacted with NaN3 to give compound 62. Further it was treated with cat. amount of CSA in methanol to give diol 63 (Scheme 13).

























Diol 63 was protected as di-TBDMS ether by treating with TBSOTf, 2,6-lutidine to give compound 64. It was reacted with DDQ in 19:1 mixture of DCM, water to give compound 65. Compound 65 was subjected to oxidation using Dess-Martin periodinane to give compound 66, which was further treated with 5:1 mixture of 1M solution of TBAF in THF, AcOH to furnish diol 67. Finally compound 67 was treated with cat. amount of PPTS in methanol to form the required compound 46 as diastereomeric mixture (~1:4) (Scheme 14). With this the synthesis of H ring and C27-C40 backbone of proposed azaspiracid was successfully completed. Efforts are in progress to complete the total synthesis of the revised azaspiracid.





















CHAPTER III
SECTION A:
METAL TRIFLATES CATALYZED EFFICIENT SYNTHESIS OF 3,4-DIHYDRO-2H-1-BENZOPYRANS
2H-1-Benzopyrans (chromenes) and 3,4-dihydro-2H-1-benzopyrans (chromanes) are important classes of oxygenated heterocycles because of the biological activity of naturally occurring representatives. These are useful intermediates for the synthesis of naphthalene, phenanthrene derivatives, 2-oxoalkylchromanes, 2-cyanochromanes and 2-allylchromanes. Furthermore, the fused acetal moiety is an important structural subunit of a variety of biologically active natural products such as aflatoxin, clerodin, asteltoxin, rhyacophiline, acmimycin and others. Therefore direct methods for their synthesis are highly desired.
Lanthanide triflates are unique Lewis acids that are currently of great research interest and have found wide applications in organic synthesis. However, there are no reports on the synthesis of cis-fused furano and pyranobenzopyrans from salicylaldehydes and cyclic enol ethers.
Metal triflates catalyzed synthesis of cis-fused pyrano-, furanochromanes and 2,4-dimethoxy-2-arylchromanes is described here.
Treatment of salicylaldehydes with cyclic or acyclic enolethers and trimethyl orthoformate in the presence of 5 mol% of Yb(OTf)3 in dichloromethane at room temperature resulted in the formation of cis-fused furano[2,3-b]benzopyrans in good yields (Scheme 15, Table 1).
Reaction of various salicylaldehydes with acetophenone and trimethyl orthoformate in the presence of 5% Sc(OTf)3 at room temperature resulted in the formation of corresponding 2,4-dimethoxy-2-phenylchromanes in good yields (Scheme 16, table 2).
































































































CHAPTER III
SECTION B:
InCl3/SiO2-CATALYZED -AMINATION OF 1,3-DICARBONYL COMPOUNDS UNDER MICROWAVE IRRADIATION
The electrophilic -amination of carbonyl compounds is a valuable synthetic route for the preparation of natural/unnatural -amino acids and -amino alcohols. The addition of -keto esters to azodicarboxylates is one of the preferred methods for electrophilic amination.
The use of solid inorganic supports as reaction media in organic synthesis is increasingly widespread due to the improved efficiency of many surface-bound reagents.
Microwave irradiation has become a powerful synthetic tool for the rapid synthesis of a variety of organic compounds.
InCl3/SiO2-catalyzed -amination of 1,3-dicarbonyl compounds under microwave irradiation is described here.
Thus treatment of 1,3-dicarbonyl compound 77 with diethyl azodicarboxylate 78 (DEAD) in the presence of indium trichloride dispersed onto the surface of silica gel using microwave irradiation under solvent-free conditions afforded the corresponding -keto--hydrazino ester 79 in good yield (Scheme 17, Table 3).
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